In geographical areas with a low incidence of tuberculosis, recurrent tuberculosis is generally due to reactivation of the disease. However, the relative contribution of tuberculosis reinfection increases in parallel with the incidence of disease and is likely to depend on the epidemiological context: factors such as the spread of multidrug resistance, human immunodeficiency virus (HIV) infection, and immigration from developing countries could modify disease transmission in areas at low risk for tuberculosis. A molecular epidemiology study was performed in Lombardy, Northern Italy, where the incidence of tuberculosis is 17.5 cases per 100,000 persons. A total of 2,452 cases of culture-confirmed tuberculosis in 2,127 patients were studied. A group of 32 patients (1.5%), each of whom had two episodes of tuberculosis with cure as the outcome of the first episode and with more than 6 months between the two episodes, were studied by means of restriction fragment length polymorphism DNA fingerprinting analysis. For 5 of the 32 patients (16%), the DNA fingerprinting patterns of Mycobacterium tuberculosis strains responsible for the second episode did not match those of the corresponding isolates of the first episode, indicating exogenous reinfection. Two of these patients developed multidrugresistant tuberculosis during the second episode, and in three cases the isolates belonged to clusters of M. tuberculosis strains spreading in the community. A fourfold-increased risk for reinfection was observed in immigrant patients compared to Italian subjects. In contrast, a higher risk of relapse rather than reinfection was evidenced in HIV-positive subjects and in patients infected with multidrug-resistant tuberculosis. Episodes of tuberculosis reinfection in areas with a low incidence of tuberculosis are rare compared to those in high-incidence geographical regions. In populations that have immigrated from high-risk areas, reinfection may represent a considerable contributor to the rate of recurrent tuberculosis. This finding emphasizes the importance of containing the spread of epidemic strains in close communities, in order to prevent changes in global tuberculosis trends for developed countries.
Active tuberculosis in patients with prior tuberculous infection can occur following endogenous reactivation or exogenous reinfection. For decades, the issue of the role of exogenous reinfection has been debated. Recent models based on estimates of the annual risk of infection and the incidence of tuberculosis have suggested that the relative contribution of exogenous reinfection increases in parallel with the incidence of the disease (2, 26) . Molecular biology-based methods have been shown useful in differentiating Mycobacterium tuberculosis strains, demonstrating whether a new episode of tuberculosis is caused by infection with the same strain as the previous episode or by a different strain (7, 20) . Recently, a study carried out in a metropolitan area of South Africa, using DNA fingerprinting to examine isolates of M. tuberculosis, found evidence that exogenous reinfection can have a dominant role in the pathogenesis of postprimary tuberculosis in an area with a high incidence of the disease (24) . A different scenario could be evoked for a population with a low risk of infection, where the likelihood of reexposure is small and thus most cases of recurrence probably result from relapse. However, specific phenomena, such as the emergence of human immunodeficiency virus (HIV)-related tuberculosis outbreaks or immigration from high-incidence countries, could modify the evolution of tuberculosis transmission. Since 1993, Northern Italy has been our point of observation for investigating some aspects of this issue by means of molecular epidemiology techniques. The occurrence of tuberculosis in the Lombardy region was characterized by a general increase in the early 1990s, with immigrants and HIV-infected patients as the most important sources of tuberculosis among the younger age groups. The resurgence of tuberculosis in this area has also been accompanied by alarming outbreaks of the disease caused by organisms resistant to multiple antituberculous drugs (9, 10, 14) . A large proportion of patients infected with these organisms have been coinfected with HIV, and the fatality rate has been extremely high.
More recently, the global incidence of tuberculosis has begun to decrease again, but cases among immigrants are still on the increase in both absolute and relative terms. During the period between 1993 and 1996, the approximate annual rates for Italian-born and immigrant patients were 14.4 per 100,000 and 109 per 100,000, respectively (4) .
In this study we determined the relative frequencies of relapse and exogenous reinfection, using DNA fingerprinting for patients with episodes of recurrent tuberculosis in a geographic area where the risk of infection is low but where tuberculosis outbreaks among HIV-infected patients, caused by organisms resistant to multiple antituberculous drugs, have been reported in recent years. We also considered the possible role of immigrants from developing countries in maintaining a high rate of tuberculosis reinfection in the population.
MATERIALS AND METHODS
Patient population and data collection. All tuberculosis cases, confirmed by examination of cultures, from the Reference Centre for Tuberculosis Control of Lombardy, Villa Marelli, and from two representative infectious diseases in Lombardy wards (L. Sacco Hospital of Milan and Spedali Civili of Brescia) were included in this study. Lombardy is the most highly populated region of Northern Italy (about 9 million inhabitants) and accounts for as many as 30% of Italian AIDS cases, with a considerable concentration of immigrants from developing countries. In 1995 we initiated a prospective survey study in which all collected cultures positive for M. tuberculosis were genotyped by restriction fragment length polymorphism (RFLP) fingerprinting and spoligotyping analysis (for M. tuberculosis isolates with fewer than five bands). A database of the results was also established. Patients included in this study had at least two episodes of tuberculosis, with cure as the outcome of the first episode, within the study period (between January 1995 and December 1999). Cure was defined as the completion of a course of 6 months of combination therapy, a sputum culture positive for M. tuberculosis at diagnosis, and at least one negative sputum culture at the end of treatment. Recurrence was defined as development of a culture positive for M. tuberculosis and symptoms consistent with tuberculosis after the patient had completed a course of treatment and had been confirmed culture negative and clinically recovered. Patients who needed treatment for a subsequent episode but who did not meet criteria for cure, since less than 6 months had elapsed between the two episodes, were considered "not cured" and were excluded from the study. A patient whose M. tuberculosis isolates from the first and second episodes were different upon RFLP analysis was considered to have tuberculosis due to a new, exogenous reinfection. Clinical records of the patients were obtained, including data on age, sex, country of birth, date of arrival in Italy (for the immigrants), medical status with regard to HIV infection, drug susceptibility, treatment, and outcome.
Clinical specimen collection. Primary mycobacterial isolation was performed using Löwenstein-Jensen slant cultures and a radiometric method (BACTEC; Middlebrook 7H12; Becton Dickinson, Diagnostic Instrumental System, Towson, Md.). Drugs and concentrations used for susceptibility testing for M. tuberculosis isolates included isoniazid (1 mg/l), ethambutol (5 mg/l), rifampin (1 mg/l), and streptomycin (10 mg/l).
RFLP DNA fingerprinting analysis. DNA extraction, digestion, and Southern blotting were carried out as described previously (25) . M. tuberculosis isolates were genotyped by RFLP fingerprinting analysis using the IS6110 probe as a genetic marker, as previously described by van Embden et al. (23) .
Spoligotyping method. Spoligotyping, a PCR method based on the polymorphic direct-repeat (DR) region containing 36-bp direct repeats and interspersed 35-to 41-bp variable spacer sequences, was performed on genomic DNA by standard methods as previously described by Kamerbeek and others (13, 22) .
Computer-assisted analysis of the patterns. GelCompar software, version 4.1 (Applied Maths BVBA, Kortrijk, Belgium), was used to compare the hybridization patterns obtained by RFLP DNA fingerprinting and spoligotyping. After the results of the analysis, each patient's isolate were compared with our database, which contains more than 3,000 DNA patterns derived from tuberculosis cases analyzed from January 1994 to March 2000, to determine whether the isolates belonged to a cluster or were unique within the communities studied. Statistical analysis. Differences in rates of tuberculosis reinfection or relapse between groups were assessed by Fisher's exact test and the chi-square test with the Pearson correlation coefficient. Univariate and multivariate analyses were performed, evaluating crude and adjusted risks through a logistic regression model. Statistical significance was defined as a P value of Ͻ0.05.
RESULTS
During the study period (January 1995 through December 1999) a total of 2,452 M. tuberculosis cultures from 2,127 patients were available for RFLP analysis. Italian citizens accounted for 86% of the episodes, and immigrants accounted for 14% of the episodes. Among the 2,127 patients, 448 (21%) were known to be infected with HIV. Thirty-two of the 2,127 patients (1.5%) met the selection criteria, in that they had two successive episodes of pulmonary tuberculosis within the study period with more than 6 months between those two episodes. The median age was 49 years. The median interval between cure and subsequent diagnosis was 19 months (range, 7 to 60 months). Of the 32 patients with tuberculosis relapse, 6 were immigrants from developing countries (1 from Senegal, 2 from Peru, 1 from China, 1 from Morocco, and 1 from Brazil) ( Table 1) .
In 5 cases (16%) the RFLP patterns of the M. tuberculosis strains responsible for the episode of recurrence did not match those of the corresponding isolates of the first episode, indicating exogenous reinfection, whereas 27 patients (84%) had the same DNA fingerprinting for both episodes of tuberculosis (Fig. 1) . Three of the five patients with presumed exogenous reinfection were Italian (one of whom was positive for HIV infection), and two were HIV-negative immigrants from developing countries (Senegal and Peru). Two patients whose initial isolates had been drug-sensitive strains had organisms resistant to isoniazid and rifampin during the second, genotypically different episode. Two patients had episodes caused by two different drug-sensitive strains. The last patient initially had a drugresistant isolate that caused two successive episodes of pulmonary tuberculosis; 8 months after the beginning of the second episode, a drug-sensitive strain of M. tuberculosis showing a different RFLP type was isolated. Isolates from the five patients with presumed reinfection were studied in relation to the complete RFLP database. Of the M. tuberculosis isolates responsible for the first episode, only one belonged to a cluster of strains present in the community. The isolates responsible for reinfection in three of five cases belonged to clusters of M. tuberculosis strains present in the community; for the remaining two isolates no matching strains were identified in the database. One of the clustered strains isolated from an HIVnegative immigrant patient was a drug-sensitive strain belonging to a cluster containing only two other strains, both found in HIV-negative Italian patients. The other two clustered strains responsible for exogenous reinfection were multidrug resistant: the first, found in an Italian HIV-positive patient, matched another strain isolated from a 92-year-old Italian HIV-negative patient; the other was a multidrug-resistant strain of Mycobacterium bovis isolated from an Italian HIVnegative patient. Genotypic analysis performed by both IS6110 RFLP and spoligotyping showed that this strain originated from a large outbreak which occurred in an Infectious Diseases Department in Lombardy between March 1993 and May 1995, involving 37 HIV-positive patients and 3 HIV-negative patients.
The other 27 patients (84%) showed two identical RFLP patterns for the two episodes, suggesting endogenous reactivation. Nine patients (33%) were HIV positive. Four patients (15%) were immigrants from developing countries: two HIVpositive patients (from Brazil and Peru) and two HIV-negative patients (from Morocco and China). For 15 patients with the same isolates at the initial and the second episode (56%), the isolates responsible for both episodes showed multidrug resistance. The multidrug-resistant isolates responsible for reactivation in 12 of 15 cases belonged to clusters of strains present in the community. The molecular definition of exogenous reinfection used in this study excludes the possibility of exogenous reinfection with the identical strain. Therefore, it is possible that some of the patients considered to have relapses actually had new, exogenous reinfection with the same strain. Our results may thus underestimate the extent of exogenous reinfection. Among the 12 cases of infection with multidrugresistant strains, 7 isolates associated with different nosocomial epidemics spreading in our region mainly involving HIV-positive patients. Among the drug-sensitive strains responsible for endogenous reactivation, 7 out of 12 belonged to clusters. Two were isolated from HIV-positive patients (a Brazilian and an Italian patient) sharing the same RFLP typing with other Italian patients with HIV infection (four patients for each cluster). The drug-sensitive strains isolated from five Italian patients without HIV infection were included in different clusters containing only isolates from Italian patients (both HIV positive and HIV negative) (two patients for each cluster).
The rates of reinfection were analyzed for different groups: HIV-positive versus HIV-negative patients, Italian residents versus immigrants, drug-susceptible versus drug-resistant isolates. Reinfection occurred in 3 (11.5%) of 26 Italian patients and in 2 (33.3%) of 6 immigrant patients. Reinfection was less frequent in patients with multidrug-resistant strains responsible for the first episode (11.8%) than in those who had a first episode sustained by susceptible strains (20%). Reinfection was less common among HIV patients (10%) than among patients without HIV infection (18.2%) ( Table 2) .
Results of multivariate analysis did not show any significant association. However, the analysis evidenced a fourfold risk of reinfection among immigrant patients (adjusted risk, 4.7; 95% confidence interval [95% CI], 0.48 to 45.9) compared to Italian patients. HIV infection was associated with a one-half risk of reinfection (adjusted risk, 0.45; 95% CI, 0.036 to 5.46), and the isolation of multidrug-resistant strains in the first episode was correlated with a one-third risk of reinfection (adjusted risk, 0.35; 95% CI, 0.0098 to 12.8) (Table 3) .
DISCUSSION
The possibility of persons previously infected with M. tuberculosis being exogenously reinfected has been debated for decades. However, it was supposed to occur rarely because of the immunity conferred by initial infection. The extent to which exogenous reinfection occurs depends on the prevalence of disease-the higher the prevalence, the greater the likelihood of exogenous reinfection (8, 19) . On the few occasions on which exogenous reinfection has been documented in areas with a low incidence of the disease, it has involved only selected populations, for example, alcoholic residents of a homeless shelter or patients with advanced HIV infection (3, 11, 16, 21) .
Our study confirmed that reinfection in areas with a low incidence of tuberculosis is possible, although less common than in high-incidence geographical regions, indicating that higher prevalence of M. tuberculosis represents the major risk for tuberculosis reinfection (24) . Relapse of a previous infection remains, in our region, the more probable cause of recurrence. However, this scenario could be susceptible to change in the future, due to social, microbiological, and epidemiological factors. Using multivariate analysis we found no significant association between HIV, immigration, multidrug resistance, and the rate of reinfection. However, we observed a fourfold higher risk of reinfection in immigrant patients compared to Italian subjects. Cohesiveness within ethnic communities, overcrowding, and poor hygienic conditions allow for an elevated frequency of close contacts, with a consequent high circulation of M. tuberculosis strains, that could explain the increased risk of reinfection. This phenomenon plays a major role for immigrants coming from areas with a high incidence of tuberculosis. In a previous study on immigrants from developing countries, we demonstrated that the M. tuberculosis clustering ratio varies among immigrant groups, reflecting mostly the duration of stay in Italy and the social behaviors of the immigrants (4) .
Recurrence of tuberculosis is a frequent event among HIV populations (6, 15, 17) . We showed that HIV-infected patients were more prone to recurrences than people without HIV infection. The HIV patients had twice the risk of reactivation of a previous M. tuberculosis episode, demonstrated by correspondence of the RFLP genotypes. It is well known that the rate of relapse of infection due to the same M. tuberculosis strain is high in HIV-positive populations, especially in association with a low CD4 ϩ cell count and with a duration of treatment shorter than 9 months (1, 12, 18, 27) . Even though recent studies have shown similar rates of tuberculosis relapse in HIV-positive and HIV-negative patients after successful directly observed therapy (5), the higher occurrence of relapse in our HIV-positive population could be first explained by the low compliance of our patients (frequently intravenous drug users) with the antituberculosis treatment. Due to inadequate drug adherence, an apparent clinical and microbiological response was observed after the first episode, regardless of incomplete elimination of M. tuberculosis bacilli. Moreover, in our region, the emergence of multidrug-resistant tuberculosis outbreaks among HIV-positive patients had been a critical issue. The difficulty of finding sustained successful treatments for those particular strains associated with the immunological decline of HIV-positive patients has represented a key factor for the increased risk of reactivation of multidrug-resistant disease.
The importance of multidrug-resistant strains was also evaluated in our study, which detected an increased risk of relapse in patients whose first episode was attributable to multidrugresistant strains, compared to those whose first episode was caused by susceptible strains. This observation confirms the difficulty of treating and eradicating multidrug-resistant tuberculosis, mainly when associated with HIV infection and low compliance of patients.
In conclusion, our data seem to confirm that reinfection is possible among people in developed countries, but at rates lower than those in high-risk areas. However, this scenario could be modified in the future by the presence of high-risk populations. In particular, for immigrant populations from high-risk areas, especially when they live in poor socioeconomic conditions, reinfection may be a major contributor to the overall rate of tuberculosis in adults.
